Safe and sufficient water, sanitation, and hygiene (WaSH) prevent the spread of disease in health-care facilities (HCFs). Little research has been conducted on WaSH in HCF in sub-Saharan Africa. We carried out a crosssectional study of WaSH in 1,318 randomly selected rural HCF (hospitals, health centers, health posts, and clinics) in regions throughout Ethiopia, Kenya, Mozambique, Rwanda, Uganda, and Zambia. Methods included questionnaires with head doctors and nurses to document WaSH access, continuity, quality, quantity and reliability, and analysis of drinking water samples for Escherichia coli. We found that fewer than 50% of rural HCFs had access to improved water sources on premises, improved sanitation, and consistent access to water and soap for handwashing (Ethiopia [7%), Kenya [30%], Mozambique [29%], Rwanda [50%], Uganda [30%], and Zambia [21%]). Adequate hand hygiene reduces disease transmission and health-care-acquired infections, but fewer than 25% of HCF in each country reported that a combination of water, soap, and hand-drying materials were always available. Our research points to a lack of basic WaSH services in rural HCFs in regions of sub-Saharan Africa, which poses a threat to the health of patients and health-care workers in these settings.
INTRODUCTION
In 2012, an estimated 842,000 deaths occurred due to diarrheal disease from inadequate water, sanitation, and hygiene; this disease burden can be reduced by increasing access to safe water and sanitation and promoting basic hygiene behaviors (WaSH). 1 A well-targeted and well-executed intervention to improve water or sanitation can reduce the prevalence of diarrheal disease by about a third. 2 The provision of a piped or on-premises water service can further reduce the disease burden. 3 Availability of clean water and soap enables and encourages people to wash their hands, reducing the likelihood of disease transmission. 4 Safely managed sanitation can control flies and other insects that spread disease, and prevent contact with infectious organisms shed in feces, such as helminth ova and diarrheagenic pathogens. 5 An adequate and continuous supply of safe drinking-water on-premises can interrupt waterborne disease transmission. 6, 7 Together these factors reduce rates of diarrhea, malnutrition, and dehydration, leading causes of death in low-and middle-income countries. 8 There is increasing interest in understanding and monitoring WaSH services in non-household settings, such as schools, workplaces, and health-care facilities (HCFs). 9 WaSH is particularly important in HCF, sites where medical services are provided. Adequate WaSH in these settings are essential for realizing the human right to health as described by the United Nations Committee on Economic, Social, and Cultural Rights in General Comment 14, 10 as well as the human right to water described in General Comment 15. 11 Health practitioners in HCF are tasked with treating disease, but their first edict is to "do no harm." This is only achievable with adequate WaSH services, since unsafe water and sanitation and poor hygiene practices facilitate health-care-acquired infections.
There are few peer-reviewed publications on WaSH and WaSH interventions in HCF within low-income countries, specifically in sub-Saharan Africa, and no multicountry studies. One study, conducted in 12 HCF in the rural Pune District of India, found limited availability and satisfactoriness of latrines and handwashing stations. 12 A 2014 qualitative study of 10 HCFs in a rural province in Cambodia documented suboptimal hand hygiene, unsafe water storage practices, and a lack of sanitation facilities in health centers where women give birth. 13 A 2011 study in Tanzania analyzed the Service Provision Assessment survey, documenting that 44% of health facilities that conduct deliveries have delivery rooms that are WATSAN-safe 14 ; a similar analysis of the Service Provision Assessment survey in Malawi revealed that 59.3% of HCF conducting deliveries had "safe, reliable, and accessible" water sources. 15 These studies are limited in scope and have focused on HCF in one country or a few HCF in one district or province. One 2015 World Health Organization (WHO) and the United Nations Children's Fund (UNICEF) report offers a broader perspective: it estimates the proportion of HCF with access to improved water within 54 low-and middle-income countries across the world, as well as the proportion of HCF with improved sanitation in 36 countries and the proportion with water and soap in 35 countries. 16 The report notes that different definitions and survey instruments were used for measuring the same indicators across countries, and that increased, more consistent monitoring in HCF across countries is needed. 16 WaSH indicators have been monitored to track progress toward international WaSH targets; yet, monitoring efforts have focused mainly on households and have not included HCF. Indicators commonly used to monitor water services with substantial health-, economic-, and rights-based evidences are accessibility (distance to source), continuity, quantity, safety, and service type. 17, 18 Service types have also been categorized as improved and unimproved, where improved sources "protect the source [water] from outside contamination, particularly fecal matter" and unimproved sources do not. 19 Although an improved water source typically reduces risk of contamination, it does not guarantee safety. One meta-analysis of water in households, schools, and HCFs found that in more than 38% of studies, fecal indicator levels exceeded guidelines from the WHO in over a quarter of samples from improved sources, with contamination particularly likely in rural areas and low-income countries. 20 Few studies measure water quality in HCF in low-income countries, especially in sub-Saharan Africa, but fecally contaminated water has been identified in hospitals in Brazil and Fiji. 21, 22 Treatment and safe storage are critical for maintaining water safety if water quality is compromised at the source, water is intermittently available (continuity), or water is located some distance from the point of consumption (accessibility). 6, 23 Indicators such as service type, functionality, and safety have been used to categorize sanitation services. 24 Poor sanitation within HCF can contribute to the spread of disease 16 ; for instance, improper management of waste from cholera-infected patients or staff can lead to inadvertent fecal contamination of medical equipment and eventual cholera outbreaks, especially under crowded conditions. 25, 26 Inadequate quality sanitation in HCF can also lead to embarrassment and discomfort in patients seeking medical assistance. In addition to the previously mentioned study which found that 44% of Tanzanian HCF performing deliveries were WATSAN-safe, 14 a 2014 assessment of Service Provision Assessment survey data from Ethiopia found that more than 26% of HCF across the country did not have a functioning latrine for patient use. 27 The previously mentioned Steinmann and others study of 12 HCF in India found that women consider sanitation and hand hygiene installations a vital part of HCFs; a lack of these amenities can detract from a facility's appeal and reputation, and can affect the consistency and timeliness of care seeking. 12 Finally, hand hygiene monitoring efforts have focused on indicators that track access to water and soap, and the continuity of that access, and use. 28 Hand hygiene, the use of water, soap, and hand-drying materials, decreases the likelihood that a health-care professional will pass pathogens between patients. 29 Thousands of deaths per year are attributable to health-care-acquired infections, 30 but consistent use of soap, water, and hand-drying materials for hand hygiene could reduce this number: one review suggests that hand hygiene interventions reduce health-careacquired infections by 23-57%. 31 Improved hand hygiene could significantly reduce neonatal mortality for births within HCF in sub-Saharan Africa: one review estimated that increased handwashing among birth attendants could reduce neonatal mortality rates by 19%. 32 The benefits from universal access to sufficient WaSH in HCF (better health outcomes, increased dignity for patients and health-care professionals, and increased trust in the health-care system) are substantial, especially in sub-Saharan Africa, a region with the highest rates of neonatal and maternal mortality in the world, with infections causing 39% of neonatal deaths. 33, 34 We conducted a cross-sectional study of WaSH infrastructure, supplies, and behaviors in 1,318 randomly selected rural HCF in regions of Ethiopia, Kenya, Mozambique, Rwanda, Uganda, and Zambia. We focused on HCF in rural areas. The majority of the population in sub-Saharan Africa live in rural areas. 35 Furthermore, rural HCF in middle-and lowincome countries tend to offer lower levels of care than their urban counterparts, because of problems such as inadequate staffing and infrastructure deficiencies. 36 This is the first known cross-sectional multicountry study of WaSH in HCF within sub-Saharan Africa. It adds to efforts to track progress toward the Sustainable Development Goal of universal access to WaSH coverage, including a WHO/UNICEF commitment to monitoring WaSH improvements in extrahousehold settings such as schools and HCF 9, 37 with proposed core indicators such as the percentage of HCF with basic drinking water service, basic sanitation services, basic hand hygiene facilities, and basic health-care waste management. 38, 39 This study also allows health sectors in the countries of study to identify areas that need to be addressed as they work toward the goal of universal coverage of basic WaSH in HCFs and aim to reduce infant and maternal mortality in sub-Saharan Africa.
METHODS

Study population and design.
A stratified random sample of rural HCFs was taken in Ethiopia, Kenya, Mozambique, Rwanda, Uganda, and Zambia. Lists of HCF within selected rural districts or subcounties were obtained from each country's Ministry of Health and comprised the sample frame. As this study was funded by a nongovernmental organization (NGO), World Vision, and was part of a larger study to evaluate WaSH in HCF for this organization, rural HCF were randomly selected from two strata-HCF where the NGO worked and HCF where the NGO did not work. In the analysis, the two groups were collapsed and weights were computed to account for unequal probabilities of selection ( Table 1 ).
The number of HCF sampled was equal to the number of HCF on the entire sample frame in two countries, Kenya and Zambia: in these countries, all HCF in the sample frame were contacted for interviews. We were, therefore, able to calculate point estimates for our results in these countries. In Ethiopia, Mozambique, Rwanda, and Uganda, we calculated 95% confidence intervals because we sampled a portion of the HCF in the sample frame. Although the original study design called for equal sample sizes in all countries, this was part of a larger study and sample sizes were restricted by limited resources (time, money, and personnel available to interview in each country).
Survey instrument. The HCF WaSH questionnaire, designed for this study, included WaSH indicators based on international standards-WHO/UNICEF core questions for water and sanitation, 40 WHO/UNICEF Joint Monitoring Program (JMP) water and sanitation definitions, 19 the WaSH portion of USAID Demographic and Health Surveys, 40, 41 and reviews of WaSH indicators and frameworks. 17 The HCF questionnaire contained sections on HCF demographics; water source and service (access, quality, quantity, continuity, and reliability); sanitation facilities (type, quantity, and quality); and hygiene supplies (access and continuity). All questionnaires were translated into local languages, and translation verified with back translation into English. Questionnaires were pretested with local nationals from each country and revised based on their comments. Local nationals included those with survey expertise and those with and without WaSH expertise.
Data collection. In each county, enumerators, supervisors, and statisticians were selected based on their knowledge of the local languages, survey experience, and WaSH expertise. Study personnel were trained by UNC Water Institute staff in study design, interviewing techniques and ethics, sampling procedures, WaSH questionnaires and indicators, data collection and entry, and water quality testing. From June 2014 to January 2015, enumerators traveled to the selected HCFs to conduct interviews. This was during the dry season in all countries except Ethiopia; in Ethiopia, interviews began in the rainy season and stretched into the dry season. After establishing informed consent, enumerators administered questionnaires in the local language with a health professional at the HCF, preferably the head doctor; if unavailable, the head nurse; and if neither head doctor nor head nurse were available, a nurse who had worked at the HCF for more than 2 years. A minimum of four attempts were made to contact each HCF to ensure the highest possible response rate. Though the research teams asked all questions from the questionnaire at each HCF, the interviewees could decline to respond to any question. In Ethiopia, Rwanda, Uganda, and Zambia, responses were recorded on paper by hand, whereas in Kenya and Mozambique, results were recorded on a handheld electronic device at the time of interview.
Designated supervisors in each country were responsible for data checks. These included reviewing questionnaires for completion; randomly verifying 10% of interviews by revisiting HCF and readministering the survey; and directly observing interviews.
Water sampling and analysis. In two countries, Mozambique and Uganda, enumerators took water samples from stored water in HCF. When collecting water samples, researchers disinfected their hands with hand sanitizer and put on sterile gloves before using a 500-mL Whirlpak ® (Nasco, Fort Atkinson, WI) bag to collect water from the source. The controls and samples were stored in a cooler, chilled with ice, and transferred to a laboratory for analysis, after confirmation that the samples had been collected in the past 24 hours and that the temperature of the samples had not exceeded 5°C for more than 1 hour based on readings from cold chain indicator strips.
Samples were tested using the Aquagenx (Chapel Hill, NC) compartment bag test, a method comparable to membrane filtration techniques, to determine the most probable number (MPN) of Escherichia coli 42 according to instructions from the test manufacturer. 43 Results were recorded and categorized as low, intermediate, high, or very high risk according to WHO risk levels (< 1, 1-10, 10-100, and > 100 MPN/100 mL, respectively). 44 Data entry, storage, and analysis. Survey results were entered into a Microsoft Access database and checked via double data entry in Ethiopia, Rwanda, Uganda, and Zambia. In Kenya, data were directly uploaded into a Microsoft Excel database from the handheld devices every day. In Mozambique, data were directly uploaded to a Microsoft Access database every day. These data were converted to SAS files using Stat/Transfer 12.0 (Circle Systems Inc., Seattle, WA).
All analysis was performed in SAS 9.4 (SAS Institute Inc., Cary, NC) using the PROC SURVEYFREQ and PROC SURVEYMEANS procedures, where data were weighted to account for unequal probabilities of selection within strata. Categorical outcomes were analyzed as proportions, whereas numerical outcomes were analyzed as means.
Ethics. Free and informed participant consent was obtained from all health-care professionals surveyed. The Institutional Review Board (IRB) of the University of North Carolina at Chapel Hill approved this study protocol on June 3, 2014 (IRB Reference ID: 135667).
RESULTS
Health centers were the primary sites of data collection within each country, except for Ethiopia, where 77% of facilities contacted were health posts ( Table 2 ). These typically have fewer health-care professionals and are in more remote locations than health centers. In Kenya, 29 respondents indicated that the HCF was a dispensary; these are small outpatient HCFs which provide care for basic illnesses such as the common cold, and are analogous to health posts. Dispensaries are categorized as "other" in the table of HCF types ( Table 2) .
The response rates, as calculated from American Association for Public Opinion Research guidelines, 45 were 97.8% in Ethiopia; 100% in Kenya; 86.9% in Mozambique; 100% in Rwanda; 99.3% in Uganda, and 100% in Zambia.
Water source. In over 74% of the HCF studied in each country, interviewees reported that the water used at the HCF came from an improved water source, most commonly boreholes (Ethiopia, Uganda, and Zambia), rainwater (Kenya), and piped water into the yard (Rwanda and Mozambique). Although 26% (Zambia) to 54% (Rwanda) reported use of a secondary water source in addition to their primary (most frequently used) water source, 4% (Uganda) to 52% (Ethiopia) of these secondary water sources were not improved. Overall, fewer than 45% reported that they used improved primary and secondary sources. Only 32% of HCF in Ethiopia and 62% of HCF in Mozambique had access to an improved source of water within a 5-minute walk, in contrast to 78-90% in Kenya, Rwanda, Uganda, and Zambia. Furthermore, only 16% of HCF in Ethiopia and 59% of HCF in Mozambique used water from an improved source directly on the premises, as compared with 76-89% in the other four countries.
Most HCF had a continuous water supply (24 hours per day of water supply), ranging from 62% in Ethiopia to 84% in (Table 3) .
Water storage and treatment. The majority of HCFs, from 87% in Mozambique to 100% in Kenya, Uganda, and Zambia, reported that water in their HCF was stored in a container. Of these, at least 84% in each country reported that the storage container had a cover. However, water was not always removed safely from safe storage containers: instead of using a tap, spigot, or long-handled dipper, many HCF reported unsafe water removal methods such as scooping with cups, bowls, or hands: 67% (Ethiopia), 41% (Kenya), 58% (Mozambique), 17% (Rwanda), 87% (Uganda), and 75% (Zambia). Except for Rwanda, both safe water storage and safe removal were practiced by only 13% (Uganda) to 59% (Kenya) of HCF. Many more HCF in Rwanda practiced safe water storage and safe water removal (83%) (Figure 1 ).
Water treatment was used in 51% (Mozambique), 52% (Ethiopia), 62% (Uganda), 64% (Kenya), 67% (Zambia), and 97% (Rwanda) of the surveyed HCF. Chlorine was the most frequent form of treatment in Ethiopia, Kenya, Mozambique, Rwanda, and Zambia, with multiple respondents in Ethiopia specifying the use of Wuha Agar ™ (chlorine-based treatment). In Uganda, even though a chlorine-based treatment was used in one HCF in the form of WaterGuard ™ (PSI/PACE, Kampala, Uganda), AquaSafe ™ (Kampala, Uganda) (sodium dichloroisocyanurate tablet) was much more commonly used for treatment (Table 4 ).
Water quality. Of the HCF where water quality was tested for microbiological contamination (in Uganda and Mozambique), the majority had low-risk water; however, 15.3% of facilities in Uganda and 29.6% in Mozambique had intermediate or high-risk water quality (Table 5 ).
There was no significant difference in water quality between Ugandan HCF that did and did not report water treatment (P = 0.1507). However, in Mozambique, HCF where water was treated reported worse water quality than those where no treatment was reported: 80% of HCF reporting water treatment had low-risk water samples in comparison to 97% of HCF reporting no water treatment (P = 0.0039, significant at α = 0.05).
Sanitation. Sixty-six percent of surveyed HCF in Ethiopia to 96% in Zambia had improved sanitation facilities, which when functioning properly should "hygienically separate human excreta from human contact." 19 The most common sanitation facilities were pit latrines with slabs (Ethiopia, Kenya, Rwanda, and Mozambique) and ventilated improved pit latrines (Uganda and Zambia). However, 3% (Uganda and Zambia) to 31% (Ethiopia) of HCF reported that their main sanitation facility was unimproved. More than 87% of HCF report their sanitation facilities were in use; however, problems with privacy (e.g., lack of locking doors), cleanliness, and regular repair were reported across multiple countries (Table 6 ). Overall, 61% (Ethiopia) to 95% (Zambia) of HCF had improved and functioning sanitation facilities available for use.
Hygiene. Between 35% (Mozambique) and 96% (Rwanda) of HCF reported at least one designated handwashing station for hand hygiene, but these stations did not always have the necessary supplies. The proportion of HCF that always had water and soap is between 25% (Zambia) and 63% (Rwanda). The percentage of HCF that reported always having water, soap, and drying materials available ranged from 6% (Uganda) to 25% (Zambia) ( Table 7) .
The majority of HCF reported having water for handwashing, but soap and drying materials were far less common. When presence rates of these three types of supplies are considered together, Rwanda is the only country where a majority (63%) of HCF reported that both water and soap or ash for handwashing are always available. Fewer than 45% of HCF in Ethiopia, Kenya, Mozambique, Uganda, and Zambia always had water and soap or ash for handwashing. Fewer than 25% of HCF had continuous access to all three hygiene amenities-water, soap or ash, and drying materials for handwashing (Figures 2 and 3) .
Combined access to water, sanitation, and hygiene. We found that fewer than 50% of rural HCF in all countries studied had access to the most basic WaSH services in HCF-improved water on premises, functional and improved sanitation, and continuous access to soap and water for handwashing (Table 8 ).
In Ethiopia, only 7% of HCF had access to these three WaSH services.
DISCUSSION
In this cross-sectional study of WaSH in HCFs in rural regions of Ethiopia, Kenya, Mozambique, Rwanda, Uganda, and Zambia, we found that fewer than half of surveyed HCF in each country had an improved water source on premises, functional improved sanitation services, and handwashing supplies (water and soap) always present. In Ethiopia and Mozambique, only 16% and 59% of HCF, respectively, had an improved water source on premises. Water sources which are off premises limit the amount of water available to the HCF as it must be carried, increase the risk of contamination as water must be stored and carried, and increase time lost if health workers must travel to the water source to collect and carry water to the HCF. 46 Although most HCF store their water in a covered storage container, most interviewees, except for those in Rwanda, reported that HCF staff members failed to extract water from storage containers safely. Instead, they scooped water from the container with a cup, bowl, or hands, which can introduce contaminants.
Consistent availability of water and soap was not common in most HCF. This is critical for public health; handwashing with soap is one of the most important infection control interventions to prevent disease transmission in HCF. 47 Low rates of access to hygiene materials in rural HCF in the surveyed countries limits the ability of health-care professionals to routinely conduct hygienic handwashing. 29 Numerous studies document the importance of washing with soap, to bind with dirt and grime; clean running water, to effectively rinse the hands without contaminating them; and drying materials, such as paper towels, to reduce germ transfer from wet hands. 48, 49 But despite campaigns such as the WHO "Clean Care is Safer Care" program (launched in October 2005 to promote proper hand hygiene at critical times within healthcare settings) and the "SAVE LIVES: Clean Your Hands" campaign (a day dedicated to hand hygiene awareness among health workers, first observed in 2009), our results suggest that routine handwashing is not occurring in up to 75% of the surveyed HCF because of a lack of supplies (water, soap, and drying materials). Apart from Rwanda, fewer than 45% of HCF in all countries always had water and soap available for handwashing. In areas lacking one or more of the three handwashing materials, it would be impossible for patients or personnel to wash their hands according to the WHO guidelines, mentioned earlier. The number of HCF where routine and appropriate handwashing is practiced is most likely much lower. According to one review of intensive care units in high-income countries, where health-care professionals have access to multiple piped water sources and consistent supplies of handwashing materials, handwashing compliance is typically 50-60%. 50 Another review in 2010 estimated that the median compliance rate for handwashing in HCF among industrialized countries was closer to 40%. 51 Consistent access to handwashing materials is an urgent public health problem in HCF.
There are limitations to this study. Results within each country are not nationally representative of all rural areas; they are representative of rural areas in certain districts in each country. Water samples were collected during the dry season in Uganda and in the wet season in Ethiopia, and collection in the dry season may lead to overestimation of year-round water quality because fecal contamination is less frequent during the dry season. 52 Most data were collected through interviews; therefore, inaccurate or biased responses are possible. This might be mitigated in future studies by introducing additional mechanisms for verifying responses, such as photographing water sources, sanitation facilities, handwashing stations, and so on, and comparing their condition to that reported within the questionnaire. Though overall response rates were high, with 95-100% of contacted HCF agreeing to be interviewed, item nonresponse rates were high for two questions in the questionnaire on secondary source type and water treatment type. (In Uganda, 62% of HCF reported that they treated their water, but only 11% responded to a follow-up question on the type of treatment). Even though our overall sample sizes within each country were high, we had limited numbers of certain types of HCF, like hospitals; thus, we were unable to stratify analysis by HCF type. Disaggregating by HCF type may have provided greater insights into the WaSH circumstances of different types of HCF, and it may be beneficial for future research to distinguish between inpatient or outpatient HCF setting types and their specific WaSH needs.
Finally, our estimates of "basic" service are likely overestimates. The WHO/UNICEF JMP's proposed definitions of "basic" water, sanitation, and hygiene services in HCF encompass dimensions beyond "improved" and "unimproved" facilities; however, since these definitions had been neither proposed nor developed at the time we designed this study, we did not collect data on some of the additional requirements for basic service mentioned in the new HCF-specific definitions. For reference, the requirements for basic water service in HCF are access to an improved (piped or protected) source of water on the premises. 39 Basic sanitation in HCF is defined as availability of usable improved sanitation facilities which are accessible by people with limited mobility, equipped for menstrual hygiene management, separated by sex, and separated for patients and staff. 39 Finally, basic hand hygiene service is achieved when water and soap are available at all points of care and at all toilets. 39 Some of the new requirements should be collected in future WaSH in HCF studies, including menstrual hygiene management, separatesex latrines, and sanitation accessibility by people with limited mobility, as well as availability of water and soap on a handwashing station-specific rather than HCF-wide basis.
Access to water on premises is critical if a sufficient quantity of the water necessary in all HCF is to be provided. Although more than 75% of HCF in Kenya, Rwanda, Uganda, and Zambia had access to water on premises, only 14% of HCF in Ethiopia had access to water on premises. To improve quality of care in HCF, future installations of improved water sources on premises are needed, especially in Ethiopia. Piped water connections into the building or into the yard of the HCF could improve the quantity of water available in these HCF, decrease water collection time, and reduce the risk of contamination during water collection and storage.
Although point of use water treatment can improve the quality of water consumed, water quality results from Mozambique surprisingly reveal that HCF that treated their water had higher levels of contamination than those that did not report treatment of their water. Potential explanations for this result may be nonsampling error, inadequate treatment practices in HCF in rural areas in Mozambique because of lack of knowledge of treatment methods, inconsistent treatment practices, and recontamination during water use and extraction from storage after treatment.
A reliable supply of soap and clean hand-drying materials should be available in all HCF. Past HCF interventions in Kenya, which combined installation of water stations, provision of soap, and provision of chlorine-based treatment with a 4-hour training of trainers in water treatment and hygiene behaviors showed promising results-during a surprise visit, 97% of targeted facilities were using their water stations, and about half of all water stations had detectable chlorine residuals. 53 Importantly, 33% of these facilities did not have soap available near the water station, 53 the reasons for which were not explored. In addition, future research could benefit from additional questions on which alternative materials, if any, are being used for handwashing and hand-drying if soap, ash, or drying materials such as paper towels are unavailable, and could discern if soap or ash is being used at each health facility.
Our research points to a need for regularly occurring WaSH in HCF-monitoring so that policies and programming can be targeted and designed to improve WaSH in rural HCF. Although we found some national-level analyses of WaSH in HCF, their estimates of WaSH access were difficult to compare across countries because of discrepancies in definitions used to assess "access." 16 The WHO/UNICEF JMP has taken steps to address this by developing new definitions of water service, sanitation service, handwashing, and handling of health-care waste; these can be incorporated into research on WaSH service levels in HCF. Qualitative research is needed on the reasons for low rates of continuous access to soap, water, and drying materials; the challenges associated with safe water removal from water storage containers; and the obstacles that prevent the repair and maintenance of sanitation facilities in HCFs to improve health and well-being and decrease the spread of disease in HCF.
CONCLUSION
Deficiencies in WaSH in HCF in the countries of study pose immediate health risks to patients who depend on these HCFs for medical care and the medical personnel who work in these HCF. Although it is important to continue efforts in expanding future monitoring and research on WaSH in HCF, we document low levels of access to WaSH services, especially water on premises and hand hygiene materials, in rural HCF in Ethiopia, Kenya, Mozambique, Rwanda, Uganda, and Zambia. The conditions we found in rural HCF in these countries are inimical to effective health care and threaten patient health in these settings. Our research points to a desperate need for improvements in WaSH services in rural HCF in regions of Ethiopia, Kenya, Mozambique, Rwanda, Uganda, and Zambia so that patient health is not compromised and the human right to health is upheld. 
